zooplankton/shaded, (5) high zooplankton (10x)/unshaded, and (6) high zooplankton/shaded 1 4 1 ( Fig. 1B/C ). We mixed ambient water for all treatments in a 208-L plastic barrel. The barrel was 350-µm was the best mesh size to remove large grazing zooplankton but kept most colonial 1 4 5 phytoplankton. The sieved ambient lake water in the barrel was mixed constantly as each group 1 4 6 of six 22.7-L carboys (i.e., one replicate for each treatment) was filled. We then added zooplankton treatments directly to carboys. Two of the six carboys had no 1 4 8 zooplankton added, two had ambient zooplankton added, and two had 10X natural density of 1 4 9 large (i.e., sieved) zooplankton added. Zooplankton for the treatments were collected with a 13-1 5 0 cm diameter, 64-µm Wisconsin net through the upper 4.0 m of the water column and then 1 5 1 retained on a 350-µm sieve. Desired densities were achieved for the ambient zooplankton 1 5 2 treatment by using a plankton splitter and adding half of the sieved net haul to each of the two 1 5 3 ambient density treatments because half of the volume strained for a 4-m tow was approximately 1 5 4 equal to the carboy volume. The 10X treatments had sieved zooplankton from five zooplankton 1 5 5 net tows added to each carboy. Finally, we covered one carboy from each zooplankton treatment 1 7 1 each barrel with the 350 µm sieve. All zooplankton and rotifers were anesthetized with Alka 1 7 2 Seltzer before preservation with 70% ethanol. Finally, three replicate 500-mL water samples 1 7 3
were collected from each barrel for nutrient analyses. Once back at the lab, each nutrient sample 1 7 4 was split into several different portions for nutrient analyses. A 100-mL sample was preserved 1 7 5 with three drops of sulfuric acid to achieve a pH of 2.0 for later analysis of total phosphorus 1 7 6 (TP), total nitrogen (TN), and total organic carbon (TOC). Two 45-mL samples were filtered 1 7 7 through 0.45-µm syringe filters and frozen: one for soluble reactive phosphorus (SRP), and one 1 7 8 for ammonia and nitrate + nitrite (NO x ) quantification. Carboys were extracted from the lake 14 days after deployment. Although most summer 1 8 0 carboy experiments are much shorter in duration (e.g., Havens et al. 1996 , Miller et al. 1997 was inverted several times to homogenize contents before opening. We collected three 1 8 4 9 phytoplankton samples by filling 125-mL bottles with water and its associated phytoplankton 1 8 5 community, which was later measured out to 100 mL and preserved in Lugol's solution. One 1 8 6 500-mL nutrient sample was taken per carboy, and split into portions for different analyses, as 1 8 7 described above. We strained the remaining 21.84 L of water through a 20-µm Wisconsin net to 1 8 8 sample crustacean zooplankton and rotifers. The organisms were anesthetized with Alka Seltzer 1 8 9 then preserved in 70% ethanol. We identified phytoplankton to genus and counted full fields of view at 400x until 1 9 1 reaching at least 300 natural units (cells for single-celled species or colonies for colonial 1 9 2 species). We measured ten natural units per genus for each sample to calculate biovolume using 1 9 3 Spot Basic software (Spot Imaging, Sterling Heights, MI). Dimensions measured were dependent 1 9 4 on phytoplankton taxa present, e.g., we measured diameter for spherical cells and diameter and 1 9 5 length for ellipsoid cells (Hillebrand et al. 1999) . Within colonies, we measured ten individual 1 9 6 cells per colony when possible. If fewer than ten cells were present or clearly visible, we 1 9 7 measured all cells. We used those median measurements to calculate taxon-specific biovolume 1 9 8 for each sample (Hillebrand et al. 1999) , then taxon-specific biovolume was multiplied by cell 1 9 9 density to estimate total biovolume per sample for each taxon. We only processed one out of the 2 0 0 three phytoplankton samples collected per carboy because replicates within each carboy were 2 0 1 very similar and would not have added to statistical power due to pseudoreplication. Analysis of 2 0 2 three pairs of phytoplankton samples from the same carboys showed an average of 4.2% 2 0 3 difference in cell counts for each genus. We processed rotifers and crustacean zooplankton by measuring and counting at least 200 interfaced with a GTCO CalComp digitizer for measurements (Turning Technologies, Inc.,
Youngstown, Ohio, USA). Rotifer and crustacean zooplankton biomass were calculated using 2 1 1 length-to-biomass conversions (all crustacean zooplankton and most rotifers) or length/width-to- We measured nutrient concentrations primarily to ensure that we did not artificially limit 2 1 5 nutrients in our study. Nutrient samples were either stored frozen (SRP, ammonia, and NO x ) or 2 1 6 acidified and refrigerated (TN, TOC, and TP) until analysis. We measured TN and TOC on a Kyoto, Japan). We analyzed TP and SRP using the molybdenum colorimetry method (USEPA and light as predictor variables. We then used the ANOVA output for variance partitioning to 2 2 7 quantify the contribution (partial R 2 ) of zooplankton and light separately on response variables. The values are reported as R 2 zoop and R 2 light . We originally ran ANOVAs with an interaction term 2 2 9
(zooplankton*light), but this term was removed for final ANOVAs used in variance partitioning were slightly higher than external water temperatures. However, the difference between internal 2 4 8 and external temperature (<0.3°C) was small compared to the overall increase in water 2 4 9 temperature over the course of the experiment (Fig. S1 ). Zooplankton density and biomass were different between treatments, but differences 2 5 1
were not as great as intended ( Fig. 2) . Our "0x" zooplankton treatments averaged (± SD) 64.5 ± 2 5 2 14.21 µg dry/L, "1x" treatments averaged 99.8 ± 5.36 µg dry/L, and "10x" zooplankton averaged We found that light had a stronger influence on phytoplankton biovolume and community 1986, 2012) . Actively overwintering zooplankton have the potential to impact 3 0 9
phytoplankton biovolume under ice, likely through selective feeding and nutrient cycling. Thus,
the role of winter zooplankton may be more nuanced than primarily functioning as a standing 3 1 1 stock to graze the spring phytoplankton bloom after ice-out as proposed in the "overwintering Light had a stronger effect on phytoplankton community composition than zooplankton, 3 1 7
supporting the hypothesis that light is the main driver of phytoplankton biovolume under ice.
3 1 8
The difference was apparent in both nMDS visualizations and ANOVA analysis of specific Light treatments significantly altered ammonia and SRP presumably through increased 3 3 3 phytoplankton production. Nitrate decreased in treatments with high phytoplankton levels, but than ammonia, and in some cases, ammonia uptake may inhibit nitrate uptake, although these 3 3 6
relationships can be highly variable (Dortch 1990 , Glibert et al. 2016 . SRP and nitrate most 3 3 7 likely did not limit phytoplankton growth in mesocosms because concentrations of both were grazed larger cryptophytes (specifically Cryptomonas) and smaller or non-colonial diatoms. Rotifers unexpectedly increased in biomass as crustacean zooplankton increased. We increased primary production that was then consumed by zooplankton and rotifers. However, we 3 6 0 cannot evaluate whether nutrient cycling and phytoplankton regeneration rates increased because 3 6 1 we only measured standing stock of phytoplankton at the end of experiments. Another potential 3 6 2 explanation is that additional rotifers were added with the zooplankton treatments. However, this outcompeted small crustacean zooplankton that may consume phytoplankton in the same size 3 6 7 range as rotifers. In this case, having a high prevalence of large crustacean zooplankton would release rotifers from competition. This possibility seems most likely because small-bodied 3 6 9 zooplankton were found in lower proportions in treatments with more large-bodied zooplankton. abundances and high microphagous rotifer abundance in all treatments. treatments, so temperature was not an influential factor in differences between treatments. The shade cloth covers maintained differences in light readings between treatments, including during 3 7 8 a significant snowfall the night before we began extracting carboys at the end of the experiment 3 7 9
(February 8). Zooplankton maintained differences between treatments, but at lower magnitudes 3 8 0 than expected. The most likely explanation is that zooplankton experienced mortality as they 3 8 1 were collected, sieved, and added to carboys. Alternatively, the highest zooplankton densities bottom of the lake. However, our experiments were conducted during a period when the water was warming before ice-out and was likely in a convective mixing state (Bruesewitz et al. 2015) . Convective mixing could re-suspend phytoplankton such as diatoms (Vehmaa and Salonen
2009), and thus, we would not expect phytoplankton to settle out as quickly as they would in a In this experiment, we demonstrated that light is the main driving factor of phytoplankton in mesocosms, which suggests that we may miss important contributions of zooplankton in Cooperative Agreement 80NSSC18K1394 P00001. Letters 42:10,773-10,781. determines functional-trait composition of phytoplankton in seasonally ice-covered lakes.
9 2
Global change biology 22:284-298. Seasonality in phosphorus release rates from the sediments of a hypereutrophic lake under a 5 9 5 matrix of pH and redox conditions. Canadian Journal of Fisheries and Aquatic Sciences . 1 . Carboy experimental design. A.) Each carboy was suspended in a randomized grid approximately 0.5 m below the ice by a steel cable harness connected to a PVC anchor in the shape of an "X." PVC was placed on loose wood blocks to prevent it from freezing into the ice.
B.) Greenhouse shade cloth covers blocked 85% of incoming light to simulate snow cover (photo credit: Hannah Lachance). C.) We crossed two light levels (unshaded and shaded) with three zooplankton levels with four replicates per treatment. Our target for "low" zooplankton was complete removal of large-bodied zooplankton, "medium" zooplankton mimicked ambient zooplankton densities, and "high" zooplankton targeted ten times ambient zooplankton densities (see Results for actual densities). 
